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ABSTRACT 
 
The demands of micro injection molding parts has been increase tremendously that 
promote the potential of its huge markets in this new millennium. The complexity of 
producing micro injection molding parts is much higher compare to typical injection 
molding process. Normally, micro injection molding parts was produce by using specially 
built micro injection molding machine or modified conventional injection molding 
machine that suit the process of producing micro parts. However, micro injection molding 
parts can also be ejected in conventional injection molding process. The problem is the 
amount of plastic material wasted from the feed system design is always more than 90%. 
This is due because the size of conventional injection molding process biggest than micro 
injection molding process. But nowadays, that problem can be predicted earlier by using 
Moldflow simulation software analysis. Moldflow simulation software can be used to 
determine the best feed system design, predict possible molding defects and suggest 
optimum injection molding parameters. This project was conducted analyze and predict of 
micro injection molding part using Moldflow simulation software. The analysis is made for 
three different size of runner that is 4mm, 5mm and 6mm. For the melt temperature 
material at 230°C and mould at both sides is 50°C. The Moldflow results are barely 
different. From the result, we can determine the best of runner before fabrication process 
take place. This analysis may reduce miscellaneous cost. The comparison need to be 
undertaken. The analysis can tell the best fill time, injection pressure, shot weight, air 
traps, weld line, time to freeze, temperature at flow front, and etc. The analysis will 
determine that weather Moldflow is suitable for micro plastics or not.  
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ABSTRAK 
 
 Permintaan dalam menghasilkan produk mikro acuan suntikan semakin meningkat 
tinggi yang mempromosikan potensi yang besar di alaf millennium yang baru. Kerumitan 
menghasilkan bahagian acuan suntikan mikro adalah lebih tinggi berbanding dengan proses 
pengacuan suntikan biasa. Biasanya, bagi produk mikro acuan suntikan adalah menghasilkan 
dengan menggunakan mesin acuan suntikan yang khusus  atau mesin acuan suntikan 
konvensional yang telah di ubahsuai yang sesuai untuk menghasilkan produk mikro. 
Namun, bagi produk mikro acuan suntikan juga dapat dikeluarkan dalam proses injection 
molding konvensional biasa. Masalahnya adalah jumlah bahan yang dihasilkan oleh „feed 
system‟ selalu lebih dari 90% adalah bahan terbuang. Hal ini disebabkan kerana ukuran 
acuan suntikan proses konvensional adalah lebih besar dari proses acuan suntikan mikro. 
Namun saat ini, masalah ini dapat diramalkan dengan menggunakan perisian simulasi 
Moldflow. Perisian simulasi „Moldflow‟ dapat digunakan untuk menentukan „feed system‟ 
yang terbaik, meramal kecacatan acuan suntikan dan mencadangkan parameter acuan 
suntikan yang optimal. Projek ini dilakukan untuk menganalisa dan meramalkan produk 
acuan suntikan mikro menggunakan perisian simulasi „Moldflow‟. Analisis ini dilakukan 
kepada tiga saiz ukuran „runner‟ yang berbeza iaitu 4mm, 5mm dan 6mm. Untuk suhu 
bahan plastik pada 230 ° C dan di kedua sisi acuan suntikan adalah 50 ° C. Hasil dari 
perisian simulasi „Moldflow‟ tidak banyak beza. Dari hasilnya, kita dapat menentukan 
yang parameter yang terbaik ketika dilakukan pada proses yang sebenar. Analisis ini dapat 
mengurangkan banyak kos. Perbandingan perlu dilakukan. Analisis ini dapat memberitahu 
masa pengisian yang terbaik, tekanan suntikan, berat suntikan, perangkap udara, garis 
pertemuan, masa untuk membekukan, suhu di bagian depan aliran, dan lain-lain Analisis 
ini akan menentukan bahawa perisian simulasi „Moldflow‟ adalah sesuai untuk plastik 
mikro atau tidak. 
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CHAPTER 1 
 
 
INTRODUCTION 
 
 
1.1 Background to the Study 
 
Injection molding is a widespread mass production that also used to produce large 
number of micro components at low cost. Besides polymers, various engineering material 
are employed to manufacture micro part with complex geometries. Corresponding to 
different requirement and challenges concerning the production or the part design, micro 
components can be broadly categorized into the following:- 
 
 The part has small dimensions and a low mass (less than 1 gram) 
 The part is of conventional size, but it contains detail regions or 
features in the micrometer range 
 The parts dimensions are basically irrelevant, but size deviations are 
limited to the micrometer range (less than 1mm). 
 
For the production of micro parts, many established techniques were scale down, 
but new technologies were also developed. Micro injection molding is a key technology for 
the low cost production of polymer micro parts in large numbers. Figure 1.1 show example 
of micro injection molding part characteristic. The weight of a micro part is of the order of 
a few milligram and dimension in the millimeter to micron range by Pötsch G and 
Michaeli W [1]. 
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Figure 1.1: Example product micro injection molding 
Source: http://books.google.com.my/books/about/Injection_Molding 
 
 
1.2 Problem Statement 
 
In plastics injection there are a few problem may occurs that can affect the 
product. The problem like air traps, weld line, sink mark, shrinkage, and many more can 
occurs to the products if the mold not design correctly. The mold components are an 
expensive therefore the mold design should be precise and accurate in order to reduce 
cost. Previously, production engineers used trial-and-error method to determine 
optimum optical process parameter setting for micro plastic injection molding. 
However, this method is unsuitable in present micro plastics injection molding because 
the increasing complexity of product design and the requirement of multi-response 
quality characteristics. The problem can be solves by using Moldflow simulation 
software. It is one of tools can use to solve this problem. 
 
Different size of runner gives different result of defects when making the 
analysis and therefore the analysis about the different size of runner by using Moldflow 
simulation software should be analyze. The problem occurs in order to compare with 
actual at injection process and then to understand the application of Moldflow 
simulation software to make the analysis. 
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So the project to analyze and predict the micro injection molding part using 
Moldflow simulation software and compare with the actual part in injection molding 
machine. The comparison of Moldflow simulation software with actual part micro 
injection molding which is the parameters involved the injection pressure, temperature, 
filling time, clamping force and etc. The research of project includes designing and 
fabricating the mold to get the actual part in injection molding.  
 
 
1.3 Research Objective 
 
I. To analyze the plastics flow characteristics of micro injection molding part by 
using Moldflow simulation software 
II. To compare the prediction outcome from Moldflow simulation software with 
actual injection molding process in term of possible molding defects and 
molding processing condition. 
 
 
1.4 Scope of Project 
1. Analysis of plastics flow characteristics of multi cavities micro injection 
molding parts by using Moldflow simulation software. 
2. Design a micro injection molding part for the analysis by using CATIA 
software. 
3. Design the mold to produce the actual of micro injection molding part by using 
CATIA software 
4. Fabricate the mold for micro injection molding part. 
5. Perform the actual injection process and analyze the comparison 
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1.5 Significance of Research 
 
Micro-system technology and related products will be used more widely in the 
new millennium. There is significance of this study when the objective has been 
achieved which is the micro injection molding can use for new student as a references or 
review to improve, analysis or design and develop more the micro injection molding 
within the application required.   
  
 
 
CHAPTER 2 
 
 
LITERATURE REVIEW 
 
 
2.1 Simulation of Micro Injection Molding 
 
  Simulation program applied in micro injection molding is to avoid the 
risks of costly re-engineering or simply mis-investments, the functions of the final 
products as well as the manufacturing steps are simulated extensively before starting 
real work. Useful assistance for the optimization of molding tools, mold inserts, micro 
component designs, and process parameters can be provided by software tools adapted 
from conventional injection molding in micro manufacturing technology [2]. At 
Forschungszentrum Karlsruhe, the software package ABAQUS is used for simulating 
the temperature distribution in the tools during the different steps of a complete molding 
cycle. For the filling process itself, the well-known MOLDFLOW software is applied 
[3]. In figure 2.1.1 shows for the left side, example of simulation of filling time for 
multi-fiber connector for micro injection molding simulation and the right side for heat 
dissipation in a micro molding part tool during the heating period. 
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Figure 2.1 Example simulation of filling time and heat dissipation for micro 
injection molding simulation. 
Source: Lei Xie1, Longjiang Shen2,3 and Bingyan Jiang3, Modelling and Simulation 
for Micro Injection Molding Process 
 
 
2.2 Material Selection 
 
 Choosing the right material is one of the importance elements that should 
be considered in advance to determine the quality, process ability and overall cost for 
the product. For that reason, it has done some researches according to the product 
specification. There are some materials that are suitable for this product such as from 
table 2.2.1 in below. The table 2.2.1 show the common materials using to produce 
product of micro injection molding part. The polymers are among the materials used for 
micro injection molding is  LCP, COC, PC, PS, PE, PMMA, PEEK, PSU, PAI, PEI, 
PBT, PA and POM. Good to very good reproduction of the microstructures on cavity 
surfaces can be achieved with LCP, COC, easy-flowing PC, PA, POM, PBT, PEI, PPE 
and PSU. High-temperature materials such as LCP, PEEK and PEI are suitable for 
subsequent soldering processes. Allowance must be made for the appropriate remolding 
conicity with PEEK, PEI, PAI, PC and PMMA, in particular. Low shrinkage values of 
between 0.1% and 0.8% are achieved with LCP, COC, PAI, PEI, PPE, PS, PC, PEEK, 
PMMA and PSU [4]. With the comparison of materials and provide at laboratory, the 
material suitable selection is Polyethylene (PE). 
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Table 2.1: Polymer materials often used in micro injection molding, maximum aspect 
ratios (AR), minimum structural thicknesses (smin), and typical 
applications. 
Source: Piotter. V, Mueller. K, Plewa. K, Ruprecht. R, and Hausselt. J, June 2001 
 
Polymer Abbr. AR 
S
min 
[lm] 
Example of 
application 
Polymethyl methacrylate PMMA  
 
20 20 Optical fiber connector 
Polycarbonate PC 7 350 Cell container 
Polyamide PA 10 50 Micro gear wheels 
Polyoxymethylene  
 
POM 5 50 Filter with defined pore 
diameters 
Polysulfone PSU 5 270 Housings for Microfluidic 
devices 
 
Polyetheretherketone PEEK 5 270 Housings for micro pumps  
 
Liquid crystal polymers 
 
LCP 5 270 Microelectronic devices 
Polyethylene PE 230* 20 Components for micro 
actuators 
 
Conductively filled 
polyamide 
PA 12-C 10 50 Housings for Electrostatic micro 
valves 
* flow length to wall thickness ratio 
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2.2.1 Polyethylene (PE) 
 
 Polyethylene is a thermoplastic commodity heavily use in consumer 
products. Over 60 million tons of the materials are produced worldwide every year. 
Polyethylene is a polymer consisting of long chains of the monomer ethylene. The 
recommended scientific name „polyethene‟ is systematically derived from the scientific 
name of the monomer. In certain circumstances it is useful to use a structure based 
nomenclature (Tony Whelan, 1994).   
 
Polyethylene is classified into several different categories based mostly 
on its density and branching. Polyethylene suitable for produce micro injection 
molding parts because of the properties. The mechanical properties of PE depend 
significantly on variables such as the extent and type of branching, the crystal structure, 
and the molecular weight (Tony Whelan, 1994). Table 2.3 shows the material 
properties for polyethylene (PE). 
 
Table 2.2: Polyethylene (PE) standard properties 
Source: www.matraplast.com/twinwall/specs/pepp_properties 
 
Property English units SI units 
Melt Index 1.4 dg  
Density  0.898 gm/cm
3
  
Tensile @ yield  27 MPa 3,880 psi 
elongation @ yield 10% 10% 
Flexural Modules 1,220 MPa 177,000 psi 
Softening Pt. (vicat) 143 °C 290 °F 
Melting Temperature 160 °C - 166 °C 320 °F - 330°F 
Low Temperature Brittleness -5 °C 23 °F 
Hardness  90 Rockwell (R Scale)  
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2.3 Design Consideration of Micro Injection Molding 
 
 Design consideration in the micro injection molding from selection of 
appropriate material. Design consideration important because to make the part in the 
best quality and meet the requirement of design. There are some new physical aspects 
associated with the scale-down of forming parts need to consider, which are: 
 
 Sliding of polymer frozen layer due to high shear stress near mold wall 
 High heat transfer rate of polymer melts in micro cavity resulting from 
micro mass/volume of materials 
 Complex rheological behaviour of polymer melts flowing in micro 
geometry, especially in sub-micro/nano dimensional cavities 
 Dominating of sources force related to surface effect and neglecting of 
sources force contributed by viscous and interior because of the micro 
scale [5] 
 Selection size and shapes should be selected accordingly. Depending on 
the application, a high section modulus can be archived based on design 
principles common to I-beams and tubes. Larges, flat surfaces can be 
stiffened by such simple means as prescribing curvatures on parts. 
 The designs on the part and the mold should be such that they will not 
present difficulties concerning proper shape generation, dimension 
control, and surface finish. 
 Large variations in cross-sectional areas, section thicknesses, and abrupt 
changes in geometry should be avoided to achieve proper shape 
generation. 
 Need for drafts to enable removal of the part from mold. 
 Improper part design or assembly can lead to distortion (warping) and 
uneven shrinking. 
 The properties of the final product depend on the original material and 
its processing history [6].   
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2.3.1 Design Considerations of Runner System. 
 
Several issues should be taken into account when designing runner systems. 
These include: 
 
i. Polymer material and Injection molding machine 
 
 Heat loss during the melt fill can prevent flow, so for high and low viscosity 
polymers an appropriate runner size is necessary. The heat loss in the material occurs 
firstly at the runner walls, where a vitrified layer of polymer acts as insulation for the 
higher melt temperature (T) at the core of the flow. The selected T must be maintained 
long enough for the cavity to be filled completely. The temperature in the core should 
be high enough to apply the holding pressure. During the holding pressure time (t), the 
material is packed out in the cavities long enough for it to solidify and counteracts any 
contraction during cooling. 
 
For injection molding machine, the pressure, temperature the runner size, 
notably its cross section is less affected by wall temperature. However, there are two 
economic implications that are associated with large runners and speed capabilities 
together with its minimum and maximum shot weights should be considered. The ratio 
of runner to part weights is important because micro part volumes with large or small 
runner systems can be outside the machine shot weight range [7]. 
 
ii. Mold and Part design 
 
This includes part size, number of cavities and the selected layout. The choice of 
the runner type must be based on the available tool space and include adequate distance 
between the part cavities. Available technologies/methods for machining the cavities 
can also influence the runner design, especially the runner size in order to minimize the 
tool manufacture cost. For parts design of the cooling time of the runner and the part 
depends on their dimensions. In particular, an increase in. The first is that the runner 
cooling time can exceed that of the parts, and thus lead to an increase of the cycle time. 
Secondly, as the runner is not part of the final product this represents an extra material 
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cost. An optimum runner should provide flow control within a reduced working area, 
and ideally should be as small as possible with a cooling time [7]. 
 
 
2.4 Basic Terminology for Mold. 
 
 Figure 2.4.1 shows the injection molding parts from top plate to bottom plate for 
two plate mold. A mold is generally divided into two parts which is fixed half and 
moving half. The half that is attached to the stationery platen of the machine is termed 
the fixed half. The other half of the mold attached to the moving platen of the machine 
is known as a moving half. Generally, the core side is suitable in the moving half 
because easiness of providing and do an ejector system. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.2: Injection molding parts 
Source: Haris, H (Mei 2006) 
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2.4.1 Cavity and Core Plate 
 
 The basic mold consists of two plates. The plate in which the cavity is formed is 
known as cavity plate. Similarly the plate from which a core project is termed the core 
plate. When the mold is closed, the two plates come together forming a space between 
the cavity and core which is the impression. 
 
 
2.4.2 Sprue Bush 
 
 During the injection molding process the plastic material is delivered to the 
nozzle of the machine of the machine as a melt. Sprue bush can define as the part of the 
mold in which the sprue is formed. Sprue bush connecting between the machine nozzle 
and the mold face. Sprue bush should be hardened to withstand the streses. The 
backward movement of the sprue bush is prevented by stepping the end fitting a located 
ring which serves a dual purpose of securing the sprue bush and mold location. The 
internal aperture of the sprue bush has included taper of 3° and 5° which facilities the 
removal of the sprue from the mold. The taper should be highly polished to avoid the 
part stuck in spure bush. There are two basic types of sprue bush which is sprue bush 
with a spherical front ended nozzle and sprue bush with perfectly flat rear surface and 
corresponding nozzle used. Figure 2.4.2 shows example of the sprue bush. 
 
 
Figure 2.3: Example sprue bush  
Source: http: www.helpinghand.co.in/sprue_bush_2.htm 
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2.4.3 Locating Ring 
 
 The nozzle and the sprue must be correctly aligned if the material has pass 
without hindrance into the mold. By including a located ring the mold can be aligned to 
the machine. The located ring is a flat circular member fitted on to the front face of the 
mold. Its purpose is it located injection machine platen. The located ring form a direct 
connection between the sprue bush and the hole in injection molding machine. Figure 
2.4.2 shows the example of Reversible locating ring in dimensional to guide for 
references. 
 
 
Figure 2.4: Example of locating ring  
Source: us.misumi-ec.com/us/ItemDetail/10200080520 
 
 
2.4.4 Runner and Gate System  
 
 The material can be directly injected into the impression through the sprue bush 
or multi impression molds it can be pass through a runner and gate system before 
entering the system. The runner is a channel machined into the mold plate to connect the 
sprue with the entrance to the impression. The gate is a channel connecting the runner 
with the impression. It has a small cross sectional are when compared with the rest of 
feed system. Figure 2.4.3 shows the example runner and gate system.  
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Figure 2.5: The molded system includes a delivery system and molded parts. 
Source: Rees, H. and Catoen, B. (2006) 
 
 
2.4.5 Guide Pillars and Bushes  
 
 To assembly the mold it is necessary to ensure that the cavity and core plate are 
keep in alignment. Guide pillars and bushes provide to align this mold. The guide pillar 
has diameter smaller than fitting diameter. A guide bush is incorporated in the mold to 
provide a suitable wear, resisting working surface for the guide pillar and to permit 
replacement in the event of wear or damage. Figure 2.4.4 shows actual and drawing for 
guide pillars and bushes. 
 
 
Figure 2.6: Specification of guide pillars and bushes 
Source: www.alibaba.com/product-free/250392570/GuidePillarGuideBushes.html 
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2.4.6 Ejector system and ejector plate 
 
 Ejector is that part of the system which applies the ejector force to the molding. 
There are different types of ejectors use for example ejector pin, ejector plate and sleeve 
ejectors. The types of ejector are selected depending on the mold impression. Ejector 
plate is used for serving the purpose of transmitting the ejector force from the actuating 
system on the injection machine to ejector element. Figure 2.4.5 shows the location of 
ejector plate and the type of ejector system use is common system which is by using 
ejector pin. 
 
 
Figure 2.7: location of ejector plate and type of ejector system 
Source: http://www.powerfive.com.cn/en/about/news_view.asp?id=51 
 
 
2.5 MoldFlow    
 
 Moldflow offers a range of products and services in the plastics injection 
molding industry. “Moldflow has the most experience, technical depth, strong support 
organization, and widest range of applications” (La Salle). Moldflow software has been 
developed by moldflow International Pvt. Ltd., Australia. It helps in finite elemental 
analysis used in the design of plastics product, mold design and production of plastics 
components. Following are the modules of MOLDFLOW software. The flow analysis is 
used to determine parameters and filling pattern for micro injection molding part. It 
